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PREFACE 

This Memorandum surveys a v a r i e t y  of i n s t rumen ta l  approaches t o  

t h e  i d e n t i f i c a t i o n  and measurement of t h e  c o n s t i t u e n t s  of t h e  Martian 

atmosphere.  The survey is intended t o  assist i n  s e l e c t i o n  of appro- 

p r ia te  instruments  t o  o b t a i n  Martian atmospheric  d a t a  necessary t o  

d e s i g n  a manned landing v e h i c l e .  

This Memorandum is one of two t h a t  support  a more gene ra l  s t u d y  

of measurement of t h e  Mart ian environment, RM-4437 -NASA, Mars Environ- 

mental  Measurements i n  Support of Fu tu re  Manned Landing Exped i t ions ,  

by W.  H .  Krase, A p r i l  1965. 

Gauging Methods To Measure Atmosphere Densi ty  During Mart ian Entry,  by 

J .  W .  R a n f t l ,  A p r i l  1965. 

The o t h e r  is RM-4434-NASA, Use of Rad ia t ion  

A l l  t h r e e  Memoranda c o n t r i b u t e  t o  t h e  Apollo Contingency Planning 

Study undertaken by The RAND Corporation f o r  Headquarters ,  Nat ional  

Aeronaut ics  and Space Adrninist rat ion ,  under Contract  NASr -2 l(O9) . 
The a u t h o r s  of t h e  p re sen t  Memorandum are c o n s u l t a n t s  t o  t h e  

System Operations Department of The RAND Corporat ion.  
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SUMMARY 

This  Memorandum seeks  t h e  most s u i t a b l e  method f o r  de te rmining  

the  composition of  t he  Mar t ian  atmosphere, u s ing  a sof t - landed  probe. 

The methods considered inc lude  o p t i c a l  spec t roscopy,  m a s s  spectrometry,  

gas chromatography, and o t h e r  means o f  gas  a n a l y s i s .  

Of a l l  t he  methods inves t iga t ed ,  mass spectrometry appears  b e s t  

s u i t e d  t o  Mar t ian  atmospheric  a n a l y s i s .  Not on ly  i s  t h e  technique 

i n t r i n s i c a l l y  w e l l  s u i t e d  t o  the a n a l y s i s  of an unknown mixture  of 

f i x e d  gases ,  bu t  t he  ou tpu t  can be t e lemetered  wi th  a minimum of  

process ing .  

The c o n s t r u c t i o n  and power requirements o f  m a s s  spec t rometers  are 

r e a d i l y  compatible wi th  space-borne a p p l i c a t i o n s .  I t  i s  es t imated  

t h a t  such an instrument  would weigh about  5 t o  8 lb and r e q u i r e  f i v e  

t o  t e n  wat t s  of power. 

We sugges t  t h a t  i n  a d d i t i o n  to  i t s  proposed func t ion ing  a f t e r  

landing ,  the  instrument  be used during t h e  f i n a l  low speed descent  

phase.  This  would supply a d d i t i o n a l  information on t h e  composition 

of  the atmosphere and provide some d a t a  even i n  t h e  event  of  acc iden t  

and damage t o  the  equipment during landing .  P 
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I. INTRODUCTION 

There are a number of t abu la t ions  o f  t h e  probable  composition 

and su r face  p re s su re  of  the  Martian atmosphere.  Based on these  i s  a 

body of l i t e r a t u r e  concerned with des igning  a v e h i c l e  f o r  Mars atmos- 

phere e n t r y .  Despi te  t h i s  abundance of l i t e r a t u r e ,  t h e r e  remains 

much u n c e r t a i n t y  as t o  which gases make up t h e  bulk  of t h e  Mar t ian  
atmosphere. (1,2) 

The ch ie f  cause of  t h i s  u n c e r t a i n t y  i s  t h e  i n t e r f e r e n c e  o f  t he  

E a r t h ' s  atmosphere du r ing  spec t roscop ic  obse rva t ions .  Except f o r  an  

occas iona l  s m a l l  window, E a r t h ' s  atmosphere i s  e s s e n t i a l l y  opaque t o  

r a d i a t i o n  wi th  a wavelength s h o r t e r  than  3,000 Angstrom u n i t s .  

Unfor tuna te ly ,  t h i s  i s  the  po r t ion  of  t he  spectrum i n  which t h e  gases 

thought t o  compose the  bulk of t h e  Mar t ian  atmosphere have abso rp t ion  

bands.  Only carbon d ioxide  and water vapor ,  because o f  t h e i r  abso rp t ion  

a t  longer wavelengths,  have been p o s i t i v e l y  de t ec t ed .  This  i s  a ve ry  

l i m i t e d  c o n t r i b u t i o n  toward c h a r a c t e r i z a t i o n  of  t he  Mar t ian  atmosphere 

because,  i n  most a tmosphericmodels ,  t hese  c o n s t i t u e n t s  make up only  

a f a i r l y  smal l  p a r t  o f  the  gases p r e s e n t .  The balance is  thought t o  

be argon and n i t rogen ,  p lus  var ious  trace gases .  This  h y p o t h e t i c a l  

composition was developed by e l imina t ing  those  gases  t h a t  should be  

d e t e c t a b l e  s p e c t r o s c o p i c a l l y  (bu t  were no t  d e t e c t e d ) ,  those  too chemical ly  

a c t i v e  t o  remain uncombined, and those  whose molecular weight  i s  too  

low f o r  them t o  be r e t a i n e d  by Mars' g r a v i t a t i o n a l  f i e l d .  The widely 

publ i shed  t a b u l a t i o n s  were compiled by us ing  t h i s  pure ly  induc t ive  

p rocess ,  coupled wi th  some assumptions r ega rd ing  s i m i l a r i t y  between 

t h e  Mar t ian  and terrestrial  atmosphere. 

I n  a d d i t i o n  t o  t h e  unce r t a in ty  as t o  a tmospheric  composition i s  

the  q u e s t i o n  of Mar t ian  sur face  p r e s s u r e .  Reference 2 ,  publ ished i n  

January  1964, i n d i c a t e s  t h a t  the s u r f a c e  p re s su re  may be c l o s e r  t o  

25 m i i i i b a r s  than t o  t h e  85-mb iigure prev ious ly  accepted. 

A number o f  a t tempts  have been made t o  determine the  t o t a l  

q u a n t i t y  of gas p re sen t  i n  the Mar t ian  atmosphere,  b u t  w i th  l i t t l e  

cons is tency  i n  r e s u l t s .  This  fo l lows  i n  p a r t  from t h e  h igh  degree of 

p r e c i s i o n  r e q u i r e d  wi th  any technique y e t  devised ,  and i n  p a r t  from 
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t h e  f a c t  t h a t  measurements must be made a g a i n s t  a h igh  background i n  

t h e  E a r t h ' s  atmosphere. 

Although a t  p resen t  t h e r e  seems t o  b e  enough information t o  permit 

t h e  d e s i g n  of a v e h i c l e  capable  of e n t e r i n g  Mars' atmosphere and landing 

a n  instrument package, overdesign 

estimates of atmospheric parameters. The c r i t i c a l  e n t r y  v e h i c l e  loading 

and launch veh ic l e  requirements w i l l  r e q u i r e  much b e t t e r  d a t a  b e f o r e  a 

manned veh ic l e  o r  a n  optimized unmanned v e h i c l e  can be planned e f f i c i e n t l y .  

* 
is requ i r ed  because of t h e  range of 

Information r ega rd ing  t h e  composition of t h e  Mart ian atmosphere 

can be gathered from t h r e e  vantage points--from o u t s i d e  t h a t  atmosphere,  

du r ing  entry,  o r  from t h e  Martian s u r f a c e .  This  Memorandum s p e c i f i c a l l y  

cons ide r s  both in s t rumen ta l  methods s u i t a b l e  f o r  a s o f t  -landed package 

and s e l e c t i o n  o f  t h e  most s u i t a b l e  method f o r  s u r f a c e  measurements. 

To complete t h e  d i s c u s s i o n ,  mention i s  a l s o  made of t h e  p o s s i b i l i t y  of 

u se  of t h e  o the r  modes. For example ,  t h e  s o r t  of d a t a  t h a t  might be 

gathered by a sa te l l i t e  o r  f ly -by  v e h i c l e  is d i scussed  i n  Sec.  11. Such 

methods o f f e r  t h e  oppor tun i ty  t o  r e f i n e  obse rva t ions  t h a t  have long 

been made from t h e  E a r t h ' s  s u r f a c e ,  but w i t h  avoidance of i n t e r f e r e n c e  

from t h e  terrestr ia l  atmosphere. 

such a n a l y s i s  w i l l  depend, i n  p a r t  a t  l ea s t ,  on t h e  t r ansmiss ion  

c h a r a c t e r i s t i c s  of t h e  Martian atmosphere i n  t h e  u l t r a v i o l e t  r ange ,  

c u r r e n t l y  not w e l l  known. 

g i v e  average o r  t o t a l  values  over  t h e  e n t i r e  p a t h  l e n g t h  and do not  

a f f o r d  t h e  s p e c i f i c  po in t  by po in t  a n a l y s i s  t h a t  can be gained by o t h e r  

methods. 

The completeness and accuracy of 

Furthermore,  any such remote measurements 

* 
I n  o rde r  t o  avoid t h e  u n c e r t a i n t i e s  involved i n  a l a n d i n g ,  p r o v i s i o n  

might be made t o  ana lyze  t h e  atmosphere du r ing  e n t r y .  

method of doing t h i s  ( i n  p a r t )  has  been suggested i n  Ref. 3 .  

mode would have t h e  a d d i t i o n a l  advantage o f  g i v i n g  in fo rma t ion  r ega rd ing  

t h e  v a r i a t i o n  of atmospheric p r o p e r t i e s  w i t h  a l t i t u d e .  

hand, i f  da t a  were t o  b e  t r a n s m i t t e d  i n  real t i m e ,  o r  o t h e r w i s e ,  b e f o r e  

t h e  p o s s i b l y  d e s t r u c t i v e  impact,  one would have t o  ma in ta in  communication 

An ingenious 

Such a 

On t h e  o t h e r  

~ * 
If t h e  s u r f a c e  p r e s s u r e  i s  extremely low, even l and ing  a n  instrument 

The da ta  d i scussed  i n  R e f .  2 t y p i f y  t h e  d i f f i c u l t i e s  of making 

package without damage could be d i f f i c u l t .  

s p e c t r a l  analyses  w i t h  remote ins t rumen t s .  

** 
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d u r i n g  e n t r y ,  a l i m i t i n g  cond i t ion .  ( 4 )  

c a t i o n  problem, however, is the l i k e l i h o o d  of o b t a i n i n g  spur ious  

readings of t h e  composition of t h e  atmosphere r e s u l t i n g  from a b l a t i o n  

products  and composition changes due t o  t h e  shock l a y e r .  

means can b e  found t h a t  would avoid such problems, composition 

measurement du r ing  e a r l y  phases of h i g h  speed e n t r y  p r e s e n t s  formidable  

d i f f i c u l t i e s  . 
seem a p p r o p r i a t e ,  and t h e s e  a r e  d i scussed  i n  Ref. 4 .  

More s e r i o u s  t h a n  t h e  communi- 

Unless a * 

Some measurements of o t h e r  parameters  du r ing  e n t r y  do 

I n  t h e  present  Memorandum, See. I1 d i s c u s s e s  p o s s i b l e  methods of 

atmospheric a n a l y s i s .  S e c t i o n  I11 cons ide r s  t h e  r e l a t i v e  merits of 

methods a p p l i c a b l e  t o  a n a l y s i s  of t h e  Mart ian atmosphere from a s u r f a c e  

landed probe. S e c t i o n  IV examines t h e  advantages o f  u s ing  in s t rumen ta t ion  

du r ing  t h e  f i n a l  descent  phase as w e l l .  The f i n a l  s e c t i o n  p r e s e n t s  

conc lus ions .  

* 
X-ray spectrometry i s  suggested as a p o s s i b i l i t y  i n  Ref. 5 .  



11. METHODS OF ATMOSPHERIC ANALYSIS 

OPTICAL SPECTROSCOPY 

To da te  only  o p t i c a l  methods have been a v a i l a b l e  f o r  i n v e s t i g a t i n g  

t h e  Martian atmosphere.  The most f a m i l i a r  o p t i c a l  technique i s  spec t ro -  

metric ana lys i s  of  l i g h t  r e f l e c t e d  from t h e  p l a n e t ' s  s u r f a c e  i n  o r d e r  

t o  d e t e c t  absorp t ion  bands c h a r a c t e r i s t i c  of i n d i v i d u a l  a tmospheric  

c o n s t i t u e n t s .  Other ana lyses  seek t o  determine the  abundance o r  

p re s su re  of t h e  atmosphere by i n v e s t i g a t i n g  p r o p e r t i e s  such as t h e  

p o l a r i z a t i o n  of l i g h t .  The l a t t e r  technique involves  the  p r e d i c t i o n  

of t h e  degree of p o l a r i z a t i o n  of  l i g h t  r e f l e c t e d  from t h e  p l a n e t ' s  

s u r f a c e  and comparison wi th  observed va lues .  

them i s  a t t r i b u t e d  t o  an in t e rven ing  atmosphere.  

The d i s p a r i t y  between 

Unfor tuna te ly ,  e f f o r t s  t o  i d e n t i f y  chemical e lements  and compounds 

i n  t h e  Mart ian atmosphere have y i e lded  f e w  p o s i t i v e  r e s u l t s  because 

of  terrestrial  atmospheric  i n t e r f e r e n c e .  

o f  e l imina t ion  has  been used t o  l i m i t  t h e  f i e l d  t o  those  c o n s t i t u e n t s  

t h a t  are undetec tab le  s p e c t r o s c o p i c a l l y  and whose presence cannot be  

r u l e d  o u t  on some o t h e r  b a s i s .  

Ref .  6 ,  only n i t rogen  and the  rare  gases  have any l i k e l i h o o d  of be ing  

p resen t  i n  s i g n i f i c a n t  q u a n t i t i e s .  These gases  have not  been de tec t ed  

spec t roscop ica l ly  because t h e i r  abso rp t ion  bands a t  normal temperatures  

are below the cu to f f  wavelength of t he  ozone l a y e r  (1y7) i n  t h e  E a r t h ' s  

atmosphere.  

For  t h i s  reason ,  a process  

According t o  arguments presented  i n  

I n  add i t ion  t o  be ing  opaque i n  c e r t a i n  r eg ions  of  t h e  spectrum, 

E a r t h ' s  atmosphere se rves  t o  create a h igh  background i n  measuring 

the  band s t r u c t u r e  o f  t he  Mar t ian  atmosphere.  For example, t h e  presence 

of  O2 i n  E a r t h ' s  atmosphere has  hindered t h e  d e t e c t i o n  o f  t he  same 

s p e c i e s  i n  t h e  atmosphere o f  Mars. While 0 has  no t  been d e t e c t e d ,  i t  

has  been poss ib le  t o  e s t a b l i s h  on a s igna l - to -no i se  b a s i s  a ( s m a l l )  

upper l i m i t  t o  t h e  q u a n t i t y  t h a t  might be p r e s e n t  on Mars. 

To sepa ra t e  the  effects  o f  abso rp t ion  i n  t h e  two atmospheres,  

Kaplan") made use  o f  the  doppler  s h i f t  i n  t h e  Mar t i an  spectrum as 

occasioned by a h igh  r e l a t i v e  v e l o c i t y  between t h e  p l a n e t s .  

2 

( 8 )  

This work 
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has  ind ica t ed  the  presence of water vapor .  An a t tempt  w a s  a l s o  made 

t o  measure s u r f a c e  p re s su re  by i n v e s t i g a t i n g ,  f o r  t h e  f i r s t  t i m e ,  t he  

p re s su re  broadening of  t he  CO bands. Unfo r tuna te ly ,  a l l  conclusions 

were based upon a n a l y s i s  o f  a s i n g l e  photographic  p l a t e ,  

the r e l i a b i l i t y  of t h e  r e s u l t s .  

be made regard ing  t h e  composition of t h e  unde tec t ab le  remainder 

of  t h e  atmosphere. The d a t a  ind ica t ed  a s u r f a c e  p re s su re  of 25 mb, + 15 

mb, i n  c o n t r a s t  t o  t he  85 mb c i t e d  i n  Ref.  1. 

* 2 
reducing t h e  

In  a d d i t i o n ,  a n  assumption had t o  

- 

O r b i t i n g  as t ronomica l  obse rva to r i e s  may c o n t r i b u t e  g r e a t l y  t o  

a n a l y s i s  o f  t he  Mar t ian  atmosphere. Such v e h i c l e s ,  equipped wi th  

u l t r a v i o l e t  spectrometers  and ope ra t ing  beyond t h e  i n t e r f e r e n c e  o f  t he  

E a r t h ' s  atmosphere,  presumably could d e t e c t  gases  t h a t  cannot be observed 

from E a r t h .  This  i s  not  cer ta in ,  however, because the  Mar t ian  atmosphere 

may have abso rp t ion  bands t h a t  over lap  t o  such an  e x t e n t  t h a t  the 

i n d i v i d u a l  c o n s t i t u e n t s  cannot be i d e n t i f i e d .  I t  i s  a l s o  ques t ionable  

whether d a t a  of s u f f i c i e n t  refinement can be te lemetered  t o  p e r m i t  

measurement of p re s su re  broadening e f f e c t s .  Observat ion of  the p l a t e s  

reproduced i n  Ref s .  2 and 9 w i l l  g ive some i d e a  o f  the  s u b t l e t y  r e q u i r e d .  

Also important  i s  the  f a c t  t h a t  the  s p e c t r a  of  f i x e d  gases  are cha rac t e r -  

i z e d  by broad bands t h a t  a r e  not  e a s i l y  adapted t o  te lemet ry .  

Absorpt ion spectroscopy can use o t h e r  l i g h t  t han  t h a t  r e f l e c t e d  

from the  su r face  i n  o rde r  t o  reduce i n t e r f e r e n c e  among bands o f  d i f f e r e n t  

e lements  o r  compounds. Even i f  t he  Mart ian atmosphere were t o  prove 

opaque, a t  c e r t a i n  wavelengths,  t o  l i g h t  pass ing  r a d i a l l y  through i t s  

e n t i r e  dep th ,  t h e r e  would e x i s t  some a l t i t u d e  above which a ray  pass ing  

t a n g e n t i a l l y  would not encounter a s u f f i c i e n t  m a s s  of  t h e  atmosphere 

t o  be t o t a l l y  absorbed. Such rays may be observed when t h e  p l a n e t  

o c c u l t s  a s t a r .  Unfor tuna te ly  for  t he  Earth-bound obse rve r ,  such 

o c c u l t a t i o n s  v i s i b l e  from Ear th  and involv ing  stars of  s u f f i c i e n t  

b r i g h t n e s s  a r e  very  r a r e .  Reference 11 shows, however, t h a t  such 

e v e n t s  would occur t r equen t ly  for  a s p a c e c r a f t  i n  t he  v i c i n i t y  o f  t h e  

p l a n e t .  By observ ing  the  t i m e  v a r i a t i o n  i n  t h e  i n t e n s i t y  of l i g h t  

from a s t a r  as i t  i s  occu l t ed ,  information can be ga thered  about 

* 
Addi t iona l  observa t ions  a re  be ing  made du r ing  the  1965 oppos i t i on .  
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atmospheric dens i ty  a t  t h e  same t i m e  t h a t  s p e c t r a l  d a t a  r ega rd ing  i t s  

composition are being recorded .  The d e n s i t y  computations a r e  dependent 

upon assumptions regard ing  the  d i s t r i b u t i o n  of temperature  and 

composition (I1) and hence involve a degree of  u n c e r t a i n t y ,  bu t  r e s u l t s  

should be of va lue  f o r  pre l iminary  reconnaissance .  A v a r i a t i o n  of t h e  

o c c u l t a t i o n  technique ,  based upon an  a n a l y s i s  of  the frequency s h i f t  

i n  a t ransmi t ted  s i g n a l  as a fly-by v e h i c l e  d i sappea r s  behind the  

p l a n e t ,  i s  scheduled t o  be performed dur ing  t h e  Mariner C miss ion .  

A s  a l a s t  example o f  the  p o s s i b i l i t i e s  of  o p t i c a l  spec t roscopy,  

we consider  what might be accomplished by s o f t - l a n d i n g  equipment on 

t h e  s u r f a c e .  Analyzing s u n l i g h t  as i t  reached t h e  s u r f a c e  a f t e r  be ing  

f i l t e r e d  through the  atmosphere would g ive  l i t t l e  b e t t e r  r e s u l t s  than  

those obta ined  by an a n a l y s i s  o f  r e f l e c t e d  s u n l i g h t  u s ing  an o r b i t e r .  

A l t e r n a t i v e l y ,  one could cons ider  landing  an emiss ion  spectrometer  t o  

analyze the  l i g h t  f r o m  a sample of atmosphere e x c i t e d  by an RF source .  

Reference 6 i n d i c a t e s  t h a t ,  a t  b e s t ,  on ly  about  a dozen elements  and 

compounds could be de t ec t ed  and the  r e l i a b i l i t y  of  t he  d a t a  i s  ques t ionab le .  

Because o f  l imi t ed  a p p l i c a t i o n  and high d a t a  t ransmiss ion  requi rements ,  

t h e  landing of  o p t i c a l  spec t roscop ic  equipment i s  n o t  a t t r a c t i v e .  

* 

MASS SPECTROMETRY 

Ind iv idua l  types of mass spec t rometers  are g e n e r a l l y  s i m i l a r  i n  

ope ra t ing  p r i n c i p l e .  A l l  have some prov i s ion  f o r  i n t roduc ing  a specimen 

of the  unknown--in gaseous form--into a vacuum system and i o n i z i n g  i t .  

The ions  a re  then  ac t ed  upon by e l e c t r i c a l  o r  combined e l e c t r i c a l  and 

magnetic f i e l d s  t o  s e p a r a t e  them accord ing  t o  t h e i r  r e s p e c t i v e  d i s c r e t e  

va lues  o f  mass over charge (m/e). (12) 

s e p a r a t i o n  t h a t  t h e  types vary .  Once s e p a r a t e d ,  t he  ions  are commonly 

de tec t ed  by some form of e l ec t rome te r .  The o u t p u t ,  be ing  i n  t h e  form 

o f  d i s c r e t e  peaks  a t  d i f f e r e n t  va lues  of m / e ,  i s  p a r t i c u l a r l y  w e l l  

s u i t e d  t o  da t a  compression and te lemet ry .  

It  i s  i n  t h i s  mechanism of  

* 
An o p t i c a l  spectrometer  might be used du r ing  t h e  descent  phase 

t o  give information on composition as a f u n c t i o n  o f  a l t i t u d e ,  bu t  such 
a p p l i c a t i o n  m u s t  be  considered i n  p e r s p e c t i v e  wi th  the  h igh  d a t a  
requirements  and the  amount of  a n a l y t i c a l  in format ion  thus  o b t a i n a b l e .  
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I n  the  " d r i f t  tube" o r  " t ime-of-f l ight"  type o f  ins t rument ,  i ons  

are a c c e l e r a t e d  along the  axis of a l i n e a r  a r r a y  of e l e c t r o d e s .  By 

va ry ing  t h e  frequency wi th  which t h e  a r r a y  i s  e x c i t e d ,  ions  wi th  s p e c i f i c  

va lues  of m / e  can be s e l e c t e d .  The remainder,  be ing  o u t  of  phase,  are 

s c a t t e r e d .  A p l o t  of  c u r r e n t  versus  frequency thus  becomes a mass 

spectrum of the  mixture  being analyzed. 

ins t rument  i s  the  Bennett  RF mass spec t rometer .  (I3) 

was  developed f o r  atmospheric a n a l y s i s ,  and has  been flown i n  Aerobee 

and Ir is  sounding r o c k e t s ,  sweeping the  m / e  ranges  1 t o  5 o r  0 t o  50 

once a second. 

A t y p i c a l  t ime-o f - f l i gh t  

This  ins t rument  

Another gene ra l  type of  mass spectrometer  i s  the  "quadrupole" o r  

"massen f i l t e r . l '  This  i s  based upon a f a i r l y  new concept ,  having f i r s t  

been descr ibed  i n  1958. ( I 4 )  

and has  been flown i n  Nike-Cajun v e h i c l e s .  The one descr ibed  i n  

Reference 15 scanned the  m / e  range 11 through 44 p lus  s e v e r a l  s p e c i f i c  

lower va lues  every two seconds.  

s i m i l a r  t o  t h e  t ime-o f - f l i gh t  instrument .  I n  c o n s t r u c t i o n ,  t he  massen- 

f i l t e r  has  e l e c t r o d e s  i n  t h e  form of  fou r  p a r a l l e l  b a r s  arranged a t  

t he  corners  of a square .  

o f  t he  a r r a y  and, under the  inf luence  of a l t e r n a t i n g  vo l t ages  app l i ed  

t o  t h e  e l e c t r o d e s ,  fo l low a convoluted pa th  toward the  o t h e r  end. A t  

a given frequency,  on ly  p a r t i c l e s  wi th  a given m / e  reach  the  d e t e c t o r ;  

t he  remainder are s c a t t e r e d .  

The ins t rument  underwent r a p i d  development , 

I n  p r i n c i p l e ,  t h e  m a s s e n f i l t e r  i s  

Ions are admit ted near  t he  axis a t  one end 

The t h i r d  gene ra l  type of  mass spectrometer  u t i l i z e s  magnetic 

d e f l e c t i o n .  I n  t h i s  instrument ,  t h e  ions  are a c c e l e r a t e d  and shaped 

i n t o  a beam pass ing  through (normal to)  a magnetic f i e l d .  The r a d i u s  

o f  cu rva tu re  o f  t he  r e s u l t i n g  t r a j e c t o r y  i s  p ropor t iona l  t o  the  

i n d i v i d u a l  va lue  of m / e  f o r  each i o n .  A heterogeneous beam can  thus  

be spread  i n t o  a f a n  shape,  where each i o n ' s  t r a n s v e r s e  p o s i t i o n  

depends on i t s  m / e .  Seve ra l  d e t e c t o r s ,  o r  a p o s i t i o n  s e n s i t i v e  d e t e c t o r  

would se rve  t o  r e g i s t e r  t h e  e f f e c t .  A:ternatively, +Ln L L . G  Z-I*CL.b An+irfi n a + + a r n  t.-.------ 

can be swept ac ross  a s i n g l e  de t ec to r  by vary ing  the  magnetic f i e l d  

s t r e n g t h  o r  more commonly, by vary ing  the  a c c e l e r a t i n g  p o t e n t i a l  t h a t  

d r i v e s  t h e  beam. Output thus  becomes a p l o t  of  c u r r e n t  a g a i n s t  vo l t age .  
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A rugged, l igh tweight  m a s s  spec t rometer  i s  not  d i f f i c u l t  t o  b u i l d .  

A g r e a t  d e a l  of  developmental work has  a l r eady  been done and is  

d iscussed  i n  t h e  l i t e r a t u r e .  It i s  now p o s s i b l e  t o  b u i l d  such an 

ins t rument ,  s u i t a b l e  f o r  s o f t  landing and ana lyz ing  t h e  Mar t ian  

atmosphere. The instrument  could d e t e c t  a l l  gases  p r e s e n t  i n  s i g n i f i c a n t  

q u a n t i t y  (above O . l % ) ) ,  and p resen t  the  d a t a  i n  a form w e l l  s u i t e d  f o r  

t e l eme t ry .  

meter would weigh about f i v e  t o  e i g h t  l b .  The m a s s e n f i l t e r  would 

r e q u i r e  about e i g h t  o r  nine w a t t s  of  power, whereas the  magnetic 

d e f l e c t i o n  type would r e q u i r e  four  t o  f i v e .  

An appropr i a t e  magnetic d e f l e c t i o n  o r  m a s s e n f i l t e r  spec t ro -  

GAS CHROMATOGRAPHY 

Gas chromatography has  developed from i n c e p t i o n  t o  widespread 

i n d u s t r i a l  a p p l i c a t i o n  i n  l i t t l e  more than  25  y e a r s .  (16) 

i t s  o r i g i n a l  forms, chromatography involved f lowing the  l i q u i d  t o  be 

analyzed through a tube o r  column t h a t  conta ined  a g ranu la r  subs tance  

chosen f o r  i t s  vary ing  a f f i n i t y  f o r  t he  d i f f e r e n t  chemical c o n s t i t u e n t s  

composing the mixture .  During t h i s  process  t h e  c o n s t i t u e n t  most r e a d i l y  

absorbed by the  s t a t i o n a r y  s o l i d  phase would d i s p l a c e  a l l  o t h e r s  a t  

the  en t rance  t o  the  column, forming a more o r  less wel l -def ined band. 

Af t e r  some t i m e ,  t h e  column would be found t o  c o n t a i n  a number o f  such 

bands,  each con ta in ing  a d i f f e r e n t  subs tance .  ( I f  f low w e r e  t o  cont inue  

f o r  too long a t i m e ,  t h e  subs tance  most r e a d i l y  absorbed would d i s p l a c e  

a l l  o t h e r s . )  Because t h i s  technique was o r i g i n a l l y  app l i ed  t o  mixtures  

of o rgan ic  dyes ,  it became known as "chromatography." 

I n  one of  

A v a r i a t i o n  on t h e  form o f  chromatography desc r ibed  above has  been 

found w e l l  s u i t e d  t o  automatic  a n a l y s i s .  

volume of  unknown through t h e  column i n  o r d e r  t o  b u i l d  up a band s t r u c t u r e ,  

t he  unknown i s  introduced i n  the  form o f  a s l u g  i n t o  an i n e r t  c a r r i e r  

t h a t  i s  i n  continuous flow through the  column. 

by t h e  s a m e  mechanism a l r eady  mentioned, b u t  i n s t e a d  of be ing  allowed t o  

reach equi l ibr ium,  the  unknown i s  f lu shed  from t h e  column by the  cont inuing  

flow o f  carrier. 

of t h e  unknown are separa ted  i n  t h e  column and appear  a t  t h e  e x i t  

I n s t e a d  o f  f lowing a l a r g e  

Sepa ra t ion  t akes  p l ace  

With t h i s  technique of " e l u t i o n  ana lys i s "  t he  components 
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accord ing  t o  a f f i n i t y  f o r  t he  s t a t i o n a r y  phase.  Thus, t i m e  of  

appearance and not  l o c a t i o n  i n  the column becomes the  i n d i c a t o r  of  

t he  c o n s t i t u e n t s .  

I n  1941, t h e  sugges t ion  was made t h a t  e l u t i o n  a n a l y s i s  might be  

This  proved t o  be f e a s i b l e  and a p p l i e d  t o  gases  as w e l l  as l i q u i d s .  

many ins t ruments  have s i n c e  been made f o r  such a p p l i c a t i o n .  The 

technique has  proven p a r t i c u l a r l y  va luab le  f o r  hydrocarbon a n a l y s i s  

where c o n s t i t u e n t s  o f t e n  have m / e  va lues  so c l o s e  toge the r  t h a t  

s e p a r a t i o n  by mass spectrometry i s  d i f f i c u l t .  The c o n s t i t u e n t s  can 

be sepa ra t ed  e a s i l y  through use of  a j u d i c i o u s l y  chosen column packing 
(17) material. 

S ince  i n  e l u t i o n  chromatography t h e  t i m e  a t  which a component 

appears  a t  t h e  column e x i t  is an  i n d i c a t i o n  of  i t s  i d e n t i t y ,  t h e  

ins t rument  must provide f o r  d e t e c t i o n  o f  admixtures i n  the  e l u e n t  gas .  

This may be accomplished by sens ing  v a r i a t i o n s  i n  any of  a number of 

phys i ca l  p r o p e r t i e s .  (18) 

p r e f e r  a p rope r ty  t h a t  i s  e a s i l y  sensed  e l e c t r o n i c a l l y .  

form o f  d e t e c t o r  passes  t h e  column exhaus t  through a cel l  con ta in ing  

a p a i r  o f  e l e c t r o d e s  and, by con t inua l ly  sweeping the  impressed vo l t age ,  

measures breakdown p o t e n t i a l .  Output format thus becomes a series of  

vo l t age  peaks above o r  below the breakdown v o l t a g e  of t he  carrier gas. 

Such peaks normally resemble skewed e r r o r  functions. By i n t e g r a t i n g  

t h e  area between a curve and the axis ,  i t  i s  p o s s i b l e  t o  compute t h e  

abundance of t h e  corresponding c o n s t i t u e n t s .  This  can be  done to  

w i t h i n  10 pe r  c e n t  even wi th  f a i r l y  crude chromatographic equipment. 

By r e f i n i n g  t h e  technique,  i t  i s  p o s s i b l e  t o  o b t a i n  accu rac i e s  w i t h i n  

For a completely automatic  system, one would 

One s u c c e s s f u l  

(19) one p e r  c e n t .  

Because o f  i t s  advantages f o r  

tography lends  i t s e l f  p a r t i c u l a r l y  

compounds. Reference 20 descr ibes  

hydrocarbon a n a l y s i s ,  gas  chroma- 

w e l l  t o  a sea rch  f o r  o r g a n i c  

an  instrument  developed f o r  Je t  

Propuis ion  Laboratory (JPL) i n  i962 as p a r t  of t h e  in s t rumen ta t ion  f o r  

t h e  Surveyor luna r  miss ion .  It comprises an  oven t o  d i s t i l l  samples 

o f  t h e  lunar  c r u s t  and a gas chromatograph t o  analyze any v o l a t i l e  

p roduc t s .  Th i s  p a r t i c u l a r  chromatograph i s  capable  of r e s o l v i n g  22 
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components (mostly o rgan ic  compounds) w i th  a ve ry  low l i m i t  o f  

d e t e c t a b i l i t y  (3 x 10 mole).  - 10 

Work has a l s o  been done a t  JPL on t h e  development of a gas 

chromatograph f o r  Mart ian atmospheric a n a l y s i s .  We estimate, on the  

b a s i s  of JPL experience,  t h a t  an instrument  capable  of ana lyz ing  f o r  

A ,  N Z ,  and CO 

and one-half w a t t s  i npu t  power. A s imi l a r  instrument  capable  of 

ana lyz ing  o rgan ic  compounds as w e l l  would weigh approximately t e n  l b  

and r e q u i r e  s i x  wat t s .  

would weigh between fou r  and f i v e  l b  and r e q u i r e  t h r e e  2 

OTHER METHODS 

I n  a d d i t i o n  t o  the  methods d i scussed  above, which are d i r e c t l y  

u s e f u l  f o r  i n v e s t i g a t i o n  of p l a n e t a r y  atmospheres,  t h e r e  does ex i s t  

a wide range of a n a l y t i c a l  procedures t h a t  have been used f o r  t he  

s tudy  of gases .  

chemical a n a l y s i s  and extend t o  modern studies of atomic and molecular 

s t r u c t u r e  and motion. 

These inc lude  s imple and fundamental methods of 

Microwave Spectroscopy. This i s  a r e l a t i v e l y  new technique t h a t  

has  been considered f o r  atmospheric a n a l y s i s .  However, microwave 

spectroscopy has  an  inhe ren t  l i m i t a t i o n  t h a t  r u l e s  i t  out as t h e  primary 

means of analyzing t h e  Mart ian atmosphere.  This  i s  t h e  f a c t  t h a t  i n  

o r d e r  t o  be d e t e c t e d  by microwave t echn iques ,  a molecule must have a 
d i p o l e  moment. (21) This r u l e s  o u t  H ~ ,  N 2 ,  C 0 2 ,  CH4, and a l l  of t h e  rare 

gases .  

i n  s i g n i f i c a n t  q u a n t i t y  i n  t h e  Mart ian atmosphere,  t h e  microwave 

techniques would not have d i r e c t  a p p l i c a t i o n .  

been used i n  o t h e r  space s t u d i e s ,  i t  i s  d i scussed  more f u l l y  i n  t h e  

Appendix. 

Since t h e s e  inc lude  most of t h e  gases  we might e x p e c t  t o  f i n d  

Because t h e  method h a s  

Nuclear Magnetic Resonance Spectrometry . This h a s  been reviewed 

and does not appear s u i t a b l e  f o r  t h e  problem a t  hand because of t h e  

complexity of t h e  equipment and t h e  i n d i r e c t  r e l a t i o n  of t h e  information 

obtained t o  gas composition. The t echn ique  measures s p i n  p r o p e r t i e s  

of n u c l e i  under t h e  combined i n f l u e n c e  o f  magnetic and RF f i e l d s  and 

y i e l d s  l imited information on molecular s t r u c t u r e  o r  composi t ion.  
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Direct Chemical Methods. These are gene ra l ly  not  w e l l  s u i t e d  

f o r  t he  remote a n a l y s i s  considered h e r e .  Automation of such methods 

i s  ted ious  and i n  t h e  case of  a multicomponent sample, s e v e r a l  p a r a l l e l  

o r  ser ia l  procedures  would be involved. 

I n d i r e c t  Gas Analys is .  Many types  of  ins t ruments  have been designed 

f o r  s p e c i a l i z e d  de termina t ions  i n  c o n t r o l  a p p l i c a t i o n s .  These, however, 

t y p i c a l l y  r e q u i r e  advance knowledge of t he  c o n s t i t u e n t s  and t h e  composition 

range .  

upon measuring only  r e l a t e d  e f f e c t s  such as thermal  p r o p e r t i e s  o r  o t h e r  

p h y s i c a l  parameters .  Such methods are not  w e l l  s u i t e d  t o  a n a l y s i s  of  

an unknown atmosphere of widely vary ing  p o s s i b l e  composition and would 

no t  l i k e l y  be used as primary methods. Some of  t h e  s impler  methods may 

be used i n  backup o f  o t h e r  a n a l y t i c a l  equipment. 

They are very  i n d i r e c t  i n  c h a r a c t e r i z a t i o n  s i n c e  a n a l y s i s  depends 

Alpha S c a t t e r i n g .  This method (22) i s  one example of a u x i l i a r y  

equipment t h a t  might be included t o  confirm an a n a l y s i s .  I n  p r i n c i p l e ,  

a source  of a lpha  r a d i a t i o n  i s  d i r e c t e d  a t  the  atmospheric sample. This  

causes  p ro ton  product ion  from n i t rogen  n u c l e i  and a l p h a - p a r t i c l e  scat ter  

from t h e  gas components. Analysis of  p a r t i c l e  type and energy i s  used 

as a measure o f  composition. The weight  o f  appropr i a t e  equipment i s  

e s t ima ted  t o  be about 2.5 l b  and power requirements  a t  0.8 w a t t .  Data 

requirements  would be low, of  the o rde r  of  3 b i t s  per  second f o r  one 

s e l e c t e d  mode of  ope ra t ion .  Successfu l  use o f  t h e  method i n  t h e  

s i m p l i f i e d  mode descr ibed  would depend on t h e  Mar t ian  atmosphere's  

a c t u a l l y  be ing  t h e  argon-nitrogen-carbon d ioxide  system f o r  which the  

equipment w a s  designed . 
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111. SELECTION OF A METHOD FOR MARTIAN ATMOSPHERIC ANALYSIS 

Sec t ion  I1 suggested t h a t  mass spec t romet ry  and gas  chromatography 

are t h e  t w o  most promising gene ra l  methods of measuring Mart ian 

atmospheric composition from a so f t - l anded  in s t rumen ta t ion  package. 

Next we w i l l  compare s p e c i f i c  techniques  w i t h i n  t h e s e  methods. 

Opt ica l  spectrometry i s  not  as a t t r a c t i v e  a s  t h e  above two more 

f u l l y  automated methods of gas  a n a l y s i s .  

and t h e  equipment more l i k e l y  t o  be  damaged on impact .  

e v a l u a t i o n  of t h e  d a t a  would be  f a r  from s t r a igh t fo rward  a s  i t  would 

involve  i n v e s t i g a t i n g  t h e  shape and i n t e n s i t y  of a number of d i f f u s e  

and poss ib ly  overlappinq bands.  

d a t a  r a t e  requirements ,  be ing  more adap tab le  t o  a d i g i t a l  format .  

Therefore  , f o r  a remotely ope ra t ed ,  s o f t  -landed package , o p t i c a l  

spectroscopy equipment i s  not l i k e l y  t o  be as dependable ,  a s  s imple i n  

o p e r a t i o n ,  as p o s i t i v e  i n  i d e n t i f i c a t i o n ,  nor  as informat ive  f o r  g iven  

d a t a  t ransmiss ion  rates a s  mass spec t romet ry  and gas  chromatography. 

It is  l i m i t e d  i n  a p p l i c a t i o n  

Fur the r  , 

The o t h e r  methods would have lower 

GAS CHROMATOGRAPHY VERSUS MASS SPECTROMETRY 

The choice of t h e  primary method f o r  Mar t ian  atmospheric  a n a l y s i s  

a f t e r  landing i n  a so f t - l anded  probe has  been narrowed t o  a s e l e c t i o n  

between gas chromatography and mass spec t romet ry .  Pro to type  i n s t r u -  

ments have been cons t ruc ted  f o r  each method of a n a l y s i s .  Ins t ruments  

f o r  e i t h e r  method could be cons t ruc t ed  i n  a weight range of 5 t o  8 l b  

and wi th  power requirements  of not more than  10 w a t t s .  Our i n v e s t i g a t i o n  

favors  mass spec t romet ry  f o r  t h e  fo l lowing  reasons :  (1) The technique  

i s  more adaptab le  t o  a p re l imina ry  i n v e s t i g a t i o n  s i n c e  no knowledge of 

s p e c i e s  o r  abundance is necessary  t o  d e s i g n  t h e  a p p a r a t u s .  

w i t h i n  t h e  range of  t h e  instrument  are d e t e c t e d  i n  t h e  same manner. 

This  is not t h e  case wi th  gas chromatography, where c e r t a i n  combinations 

of gases  m u s t  be t r e a t e d  on a s p e c i a l  b a s i s  i f  t h e y  a r e  t o  be s e p a r a t e d .  

(2)  The output d a t a  a r e  p a r t i c u l a r l y  adap tab le  t o  t h e  d i g i t a l  format 

r equ i r ed  f o r  t e l eme te r ing .  (3) The equipment s enses  a fundamental 

phys i ca l  property of t h e  s p e c i e s ,  and not a de r ived  c h a r a c t e r i s t i c  

such as i t s  i n t e r a c t i o n  wi th  a chromatograph column. 

A l l  ga ses  
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I n  in t e rv i ews  wi th  people who are developing mass spectrometers  

and gas  chromatographs, t hose  most c l o s e l y  involved with gas chromatography 

d id  no t  i n d i c a t e  t h a t  i t  o f f e r s  any p a r t i c u l a r  advantage over mass 

spectrometry f o r  t h e  Mars atmospheric a n a l y s i s  mission i n  we igh t ,  

r e l i a b i l i t y ,  o r  power consumption. While i t  would be p o s s i b l e  t o  

b u i l d  a l a b o r a t o r y  gas chromatograph a b l e  t o  r e s o l v e  a l l  f i x e d  gases  

t h a t  might be p r e s e n t ,  t h e  s e p a r a t i o n  d i f f i c u l t i e s  mentioned above 

are a p t  t o  be p r e s e n t  i n  an instrument p r a c t i c a l  f o r  f l i g h t  t o  Mars. 

SELECTION OF A MASS SPECTROMETRIC METHOD 

Mass spectrometry t h e r e f o r e  appears  t o  be t h e  p r e f e r r e d  method 

f o r  measuring t h e  composition of t h e  Mart ian atmosphere from a s o f t -  

landed package. A g r e a t  d e a l  of developmental work p e r t i n e n t  t o  t h e  

Mars mission has  a l r eady  been done on t h e  m a s s e n f i l t e r  and magnetic 

d e f l e c t i o n  types of  instrument.  S i m i l a r  instruments  have a l s o  been 

cons t ruc t ed  and flown i n  Ea r th  atmospheric a n a l y s i s .  There i s  l i t t l e  

ques t ion  about c o n s t r u c t i n g  an e f f e c t i v e  instrument  according t o  e i t h e r  

p r i n c i p l e  of mass sepa ra t ion .  

S e l e c t i o n  of one method over t h e  o t h e r  can  be inf luenced by 

t echno log ica l  developments a t  a p a r t i c u l a r  t ime .  The s e l e c t i o n  a l s o  

may be mis s ion - re l a t ed .  

involved.  For example, a permanent magnet t ype  of m a s s  spectrometer  

might recommend i t s e l f  because, i n  a d d i t i o n  t o  any conceptual advantages,  

a p r a c t i c a l  advantage might accrue from t h e  ease wi th  which pumping 

could be accomplished by i n t e g r a t i n g  a n  i o n  pump i n t o  t h e  e x i s t i n g  

magnet. But on t h e  o t h e r  hand, a d d i t i o n a l  experiments i n  t h e  same 

v e h i c l e  might involve t h e  measurement of magnetic f i e l d s ,  i n  which 

case  t h e  presence o f  a permanent magnet could e a s i l y  be a s e r i o u s  

l i a b i l i t y .  W e  c i t e  t h i s  example only t o  po in t  out t h e  f a c t  t h a t  

s e l e c t  ion of a s p e c i f i c  instrument cannot be accomplished without  

I n  any c a s e ,  a number of t r a d e o f f s  w i l l  be 

reg:aij iUi  ti le l lliss~oLi a arid miis- 2 - - - - i - - -  c- ..*__^ 
L l l V U I V C  L C l L L U L 3  far 

removed from t h e  fundamentals of t h e  experiment.  
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We suggest t h e  m a s s e n f i l t e r  t ype  of  mass spectrometer  as t h e  

primary instrument f o r  atmospheric a n a l y s i s  from the Martian s u r f a c e  

a f t e r  s o f t  landing. The fol lowing advantages are p e r t i n e n t :  (1) It 

i s  p o s s i b l e  t o  c o n s t r u c t  t h e  instrument  without  permanent magnets so 

as t o  permit c e r t a i n  o t h e r  t ypes  o f  experiment. (2)  Weight r equ i r e -  

ments are  l o w .  ( 3 )  Less c r i t i c a l  c o n d i t i o n s  are  r e q u i r e d  f o r  

producing the  ionized s a m p l e  source.  (4)  Data c o l l e c t i o n  i s  easier 

because of  f l a t t e r  peak o u t p u t ,  which p e r m i t s  t h e  u s e  of  s t epwise  peak 

r ead ing  r a t h e r  t han  i n t e g r a t i o n  of  peaks. 

For l a t e r  f l i g h t s ,  when r e f i n e d  a n a l y s i s  i s  a p p r o p r i a t e ,  a 

combined p r e p a r a t i v e  chromatographic column t o  separate t h e  gases  and 

a m a s s  spectrometer (as a d e t e c t o r )  could be used e f f e c t i v e l y .  Such 

an  assembly would make p o s s i b l e  a more exact a n a l y s i s  o f  mixtures  

t h a n  e i t h e r  instrument alone. For example, i t  i s  d i f f i c u l t  t o  s e p a r a t e  

A and 0 

of  r e s o l u t i o n  t h a t  i s  h i g h  even f o r  l a b o r a t o r y  appa ra tus  i s  r equ i r ed  

t o  s e p a r a t e  C2H4, N 2 ,  and C O .  

t h a t  complement t h e  m a s s  spectrometer ,  i t  would be p o s s i b l e  t o  avoid 

t h e  b l i n d  s p o t s  i n  e i t h e r  instrument .  

or H and N e  chromatographical ly ,  and a mass spectrometer  2 2 

By choosing chromatograph columns 

DATA REQUIREMENTS 

AS an estimate o f  d a t a  requirements ,  w e  w i l l  cons ide r  t h a t  t h e  

instrument  i s  programmed t o  r ead  H 0 ,  N 2 ,  02, A ,  and CO For 

a range of  d e t e c t a b i l i t y  of  0.1 t o  100 p e r  c e n t  i t  i s  l i k e l y  t h a t  a t  

least  10 b i t s  of  information w i l l  be r e q u i r e d  p e r  peak. 

r ead ings  of background and no-ion c u r r e n t  v a l u e s  w i l l  r e q u i r e  a t o t a l  

o f  8 readings o r  80 b i t s .  Current  t echn iques  i n d i c a t e  t h a t  each 

r ead ing  can be made i n  112 second, o r  a t o t a l  o f  4 seconds f o r  t h e  

determinat ion.  However, d a t a  t ransmiss ion  ra tes  may d i c t a t e  t h a t  a 

less  frequent  sampling r a t e  be used. For example, an 80-second c y c l e  

could r e s u l t  i n  an  average b i t  r a t e  o f  1 b i t  p e r  second. 

peaks. 2 2 

Addi t iona l  



-15 - 

I V .  ANALYSIS DURING THE DESCENT PHASE 

Besides ana lyz ing  t h e  near-surface atmosphere a f t e r  landing,  

t h e  same so f t - l anded  instrument  package might p o s s i b l y  be used a l s o  

du r ing  t h e  descent  phase. 

b e n e f i t s :  (1) a d d i t i o n a l  information could be ob ta ined  on t h e  com- 

p o s i t i o n  of t h e  atmosphere a t  var ious a l t i t u d e s ;  and (2)  i n  t h e  even t  

of an  a c c i d e n t  du r ing  t h e  landing,  an  otherwise u s e l e s s  experiment 

might y i e l d  u s e f u l  d a t a  from t h e  pre- landing o p e r a t i o n a l  phase. 

Such an a p p l i c a t i o n  would have two p r i n c i p a l  

The oppor tuni ty  f o r  ob ta in ing  u s e f u l  i n fo rma t ion  du r ing  the  

i n i t i a l  high-speed e n t r y  phase of descent  would be minimal because 

t h e  shock wave c o n d i t i o n s  i n  t h e  immediate v i c i n i t y  of  t he  v e h i c l e  

probably would a d v e r s e l y  a f f e c t  the atmospheric composition and s t a t e .  

F u r t h e r ,  communication c a p a b i l i t y  probably would be s e v e r e l y  hampered 

o r  n u l l i f i e d  du r ing  the high-speed phase of  e n t r y .  

Fo r  a so f t - l anded  package, the v e h i c l e  would need means f o r  

slowing i t s  descent .  A t  lower a l t i t u d e s ,  t h e  shock l a y e r  should no t  

m a t e r i a l l y  a f f e c t  t h e  sampling process ,  and a d d i t i o n a l  d a t a  on atmos- 

p h e r i c  composition may be gathered. 

The type of mass spectrometer suggested would be capable  of  

atmospheric a n a l y s i s  eve ry  fou r  seconds o r  l ess .  However, i t  i s  n o t  

p o s i t i v e  t h a t  the communication c a p a c i t y  would be adequate t o  r e l a y  

such r a p i d  readings.  Storage of  d a t a  f o r  l a t e r  t r ansmiss ion  would 

d e f e a t  t h e  "insurance" motive of a n a l y s i s  du r ing  f l i g h t .  

de t e rmina t ions  should more l i k e l y  be  i n i t i a t e d  eve ry  10 t o  15 seconds 

du r ing  t h e  f i n a l  descent  phase. 

Consequently, 
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V. CONCLUSIONS 

* 

Of the instruments  i n v e s t i g a t e d  f o r  a so f t - l anded  device  t o  analyze 

t h e  Mart ian atmosphere, mass spec t rometers  appear t o  be t h e  most 

f e a s i b l e .  Of the  types of mass spectrometers  considered,  t h e  massen- 

f i l t e r  seems p r e f e r a b l e  f o r  t he  task .  

The mass spec t romet r i c  technique i s  we l l  s u i t e d  t o  t h e  a n a l y s i s  

of an unknown mixture of f ixed  gases .  Mass spec t rometers  have a l r e a d y  

been used i n  space and have demonstrated t h e i r  ruggedness and adapt-  

a b i l i t y  t o  t h e  Mart ian mission. Fu r the r ,  s i n c e  t h e  output  i s  i n  t h e  

form of a l imi ted  number of peak or  l i n e  e f f e c t s ,  t h e  amount of output  

information r equ i r ed  f o r  an a n a l y s i s  cyc le  i s  minimal. 

It i s  es t imated  t h a t  a mass spectrometer  f o r  s o f t  l anding  on t h e  

Mar t ian  sur face  could be cons t ruc t ed  a t  an  approximate weight  of f i v e  

t o  e i g h t  l b .  (This weight would inc lude  t h e  b a s i c  instrument  and i t s  

output  s igna l  c i r c u i t s ,  bu t  no t  the  t e l eme t ry  equipment.) Power 

requirements f o r  t h e  bas i c  instrument  a r e  i n  t h e  range of f i v e  t o  t e n  

w a t t s .  

The instrument  could complete an a n a l y s i s  i n  four  seconds o r  l e s s ,  

bu t  f o r  increased accuracy and ope ra t ion  w i t h i n  conse rva t ive  d a t a  

t ransmiss ion  r a t e s ,  would more l i k e l y  t ake  10 t o  15  seconds.  The 

equipment i s  capable  of r e p e a t  a n a l y s i s .  

We suggest t h a t  t he  instrument  be cons t ruc t ed  and u t i l i z e d  f o r  

a n a l y s i s  during t h e  descent  per iod  a s  wel l  (subsequent t o  t h e  i n i t i a l  

high-speed e n t r y  phase and before  landing) .  Th i s  would y i e l d  a d d i t i o n a l  

d a t a  on the upper atmosphere composition and would i n c r e a s e  t h e  

p r o b a b i l i t y  of a success fu l  mission s i n c e  Some d a t a  would be a v a i l a b l e  

d e s p i t e  a f a i l u r e  dur ing  landing .  
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Appendix 

MICROWAVE SPECTROSCOPY 

Microwave spectroscopy i s  an  ex tens ion  of t h e  c lass ic  method of 

o p t i c a l  s p e c t r a l  a n a l y s i s  i n t o  the  r eg ion  of  wavelengths g r e a t e r  than  

those  of t h e  i n f r a r e d ,  i . e . ,  longer  than 1 mm. As with  spec t roscopy 

a t  s h o r t e r  wavelengths,  microwave spectroscopy can be performed i n  

e i t h e r  t h e  emission o r  abso rp t ion  modes. I n  t h e  l abora to ry ,  imple- 

menting the  technique commonly involves  con ta in ing  a low p res su re  

sample of t h e  gas w i t h i n  a waveguide, u s u a l l y  a t  l ea s t  a meter long,  

t h a t  has  a microwave source a t  one end and a d e t e c t o r  a t  t he  o t h e r .  

The frequency i s  var ied ,  and a spectrum o f  abso rp t ion  w i t h i n  t h e  gas 

i s  p l o t t e d  as a func t ion  of frequency. As i nd ica t ed  i n  Ref. 1 2 ,  a number 

of  c i r c u i t  parameters have t o  be wel l  s t a b i l i z e d  o r  manually compen- 

s a t e d  i n  o rde r  t o  o b t a i n  an  accu ra t e  spectrum. 

Microwave emission spectroscopy has  been used f o r  space a p p l i -  

c a t i o n s  o t h e r  than composition ana lys i s .  I n  t h e  Mariner Venus miss ion  ( 2 3 , 2 4 1  

microwave receivers tuned t o  1 3 . 5  and 19.0 mm r a d i a t i o n  were used t o  

measure t h e  s u r f a c e  temperature  of t he  p l a n e t .  This  experiment w a s  

based upon the  atmosphere p e n e t r a t i n g  p r o p e r t i e s  of r a d i a t i o n  a t  
cen t ime te r  wavelengths.  (25 ) 

Microwave emission spectroscopy could  be used only  t o  a l i m i t e d  

e x t e n t  f o r  remote a n a l y s i s  of p l ane ta ry  atmospheres. One would need 

t o  develop a space-borne r e c e i v e r  of exceedingly  h igh  s e n s i t i v i t y ,  

capable  of be ing  tuned ac ross  a wide band i n  the  microwave region.  

Th i s  ins t rument  would n e c e s s a r i l y  be based i n  a s p a c e c r a f t  because 

of t h e  i n t e r f e r e n c e  from E a r t h ' s  atmosphere i n  t h i s  p o r t i o n  of  t h e  

spec t rum. 

The microwave spectrum of a gas e x h i b i t s  a sharp  l i n e  s t r u c t u r e ,  

r a t h e r  than  the  band s t r u c t u r e  common t o  gases  i n  t h e  UV and v i s i b l e  

p o r t i o n s  of  t h e  spectrum. Because t h e  l i n e s  are s h a r p l y  def ined  
and over lapping  of l i n e s  of d i f f e r e n t  s p e c i e s  r a r e l y  occurs,  ( 2 1 )  

i t  i s  u s u a l l y  p o s s i b l e  t o  i d e n t i f y  any one of t h e  c u r r e n t l y  cata- 

logued gases  by d e t e c t i n g  a s i n g l e  l i n e .  This requ i r e s  an 

ins t rument  capable  of being c a l i b r a t e d  to b e t t e r  t han  0.1 mc  i n  
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25,000 mc ,  an accuracy long a t t a i n a b l e  i n  t h e  l a b o r a t o r y .  However, 

when one at tempts  t o  analyze a mixture of unknown gases  r a t h e r  t han  

simply t o  e s t a b l i s h  the  presence of some p a r t i c u l a r  one, i t  becomes 

necessary t o  sweep a p o r t i o n  of t h e  spectrum r a t h e r  t han  merely t o  

make measurements a t  a s i n g l e  frequency. Because of t h e  l a r g e  number 

of s p e c t r a l  l i n e s  t h a t  c h a r a c t e r i z e  each gas ,  t h e  bandwidth swept can 

be f a i r l y  narrow (say 20,000 t o  30,000 m c ) ,  but  because of t h e  accuracy 

and s e n s i t i v i t y  r equ i r ed ,  t h e  sweep must be made r a t h e r  slowly. Times  

of t h e  o rde r  of an hour a r e  no t  unusual.  (21) 

make abundance measurements by u s i n g  microwave spectroscopy,  a1 though 

such measurements r e q u i r e  instruments  of even g r e a t e r  ref inement .  

It  i s  a l s o  p o s s i b l e  t o  

(2 1) 

Unfortunately,  microwave spectroscopy has  an i n h e r e n t  l i m i t a t i o n  

t h a t  r u l e s  it ou t  as t h e  primary means o f  ana lyz ing  t h e  Mart ian atmos- 

phere:  i n  o rde r  t o  be d e t e c t e d  by microwave techniques,  a molecule must 

have a d ipo le  moment. (26) This  r u l e s  o u t  H2, N 2 ,  C02,  CH4, and a l l  of 

t h e  rare gases,  which inc lude  most of t h e  gases  w e  might expect  t o  

f i n d  i n  s i g n i f i c a n t  q u a n t i t i e s  i n  t h e  Mart ian atmosphere. Thus micro- 

wave spectroscopy could have a very l i m i t e d  use  i n  Mart ian atmospheric 

a n a l y s i s ,  and would be of no use  f o r  a p re l imina ry  survey. 
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